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The next lowest energy mode associated with the PNRs is the internal motion of the heavy Pb atoms. The Pb atoms displace locally along [100] directions (40) and a Pb local mode occurs at ~11.5 meV along this direction (17) . Figure 3 shows that poling the crystal along [100] align these Pb local modes and local static displacements. This result supports the arguments in Ref. (17) Two-atom lattice model of the low-energy transverse modes along [110] in PMN-30%PT coupling to rigid PNR clusters (see Fig. 2 for relationship to cubic lattice):
Equations of motion
As usual we look for traveling wave solutions of the form (52)
, where a is the lattice parameter in the 3D crystal (see Fig. 2 ). Substituting Eqn. S2 into Eqn. S1 gives
These homogeneous linear equations have solutions if the determinant of the coefficients vanishes (52). The coefficients expressed as dynamical matrix elements in the standard notation are (53)
Here the subscript 1 corresponds to u, 2 to v, and 3 to w. The phonon dispersion curves are then found by solving
The atomic mass of the A site Pb atom is 207 u, and the average B site atomic mass for PMN-30%PT is 0.7(Mg/3 + 2Nb/3) + 0.3(Ti) = 63.4 u, where Mg = 24.3 u, Nb = 92.9 u, and Ti = 47.9 u. The atomic mass of O is 16 u. Hence the A+B+O mass is M AOB = 286.4 and the 2O mass is 32. The force constants were then set to K AA = 14,000 u-meV 2 and K AO = 500 u-meV 2 so that the transverse optic (TO) and TA phonons approximate quantitatively the phonons in PMN-30%PT (Fig. 1) . The phonon dispersions resulting from this eigenvalue calculation are shown in Fig. 2D .
The effect of turning the coupling on is shown in Fig. 2D . In the uncoupled case the "free" PNR mode appears at zero energy (red line in uncoupled case). With coupling the PNRs form an anticrossing with the TA phonon. The upper antisymmetric branch involves PNRs moving out of phase with the TA phonon and the symmetric branch involves the PNRs moving in phase with the TA phonon. This is similar to the features observed in PMN-30%PT below TC in Fig. 1, B and F. The gap between the TA-PNR hybrid modes increases with the effective mass of the PNRs. Hence, the poling effect in Fig. 1, B and E, appears to result because a larger fraction of the PNRs are coupling to the bare lattice TA phonon when the PNR local structure is aligned (Fig. 3) . (17). The PNR mode intensity is much weaker in PMN-38%PT than in PMN-30%PT (about 5 times weaker), and this is consistent with the much weaker PNR diffuse elastic scattering known to occur above the morphotropic phase boundary (7). The data for (A) and (C) were measured on the HB3 triple-axis spectrometer at the High Flux Isotope Reactor (HFIR) at Oak Ridge National Laboratory. The data for (B) and (D) were measured on the BT7 triple-axis spectrometer at the NIST Center for Neutron Research, National Institute of Standards and Technology. Uncertainties are statistical and represent one standard deviation.
Supplementary figures

